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The human papfflomaviruses (HFVs) have been 
strongly implicated in die development of squamous 
cell carcinoma of the uterine cervix 1 and of the precur- 
sor squamous intraepithelial lesions (SILs), which may 
be oHow or high grade according to the degree of pro- 
liferative activity and loss of differentiation of the epi- 
thelial cclli.* The fete of ectocervical epithelium after 
infection with HFV appears to depend not only on in- 
tracellular events controlling the capacity for prolifer- 
ation and differentiation, 5 but also on extracellular m- 
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teractions. particularly with components of the immune 
system. 4 There have been several reports of alterations 
in the numbers of immune cells in cervical disease, in- 
cluding Langerhans' cells,* lymphocytes,' and macro- 
phages, 1 although the mechanisms for these changes 
are not known- It is becoming increasingly dear, how- 
ever, that the neoplastic ectocervical keratinocytes may 
play an important role in modulating the local immune . 
cell repertoire. These cells show altered expression of 
a number of immunocompetent molecules, including 
MHC class I, 8 MHC class 11 * and adhesion molecules 
such as 1CAM1. 10 a . % 

The molecules LI and CD36 are predominantly ex- 
pressed by leukocytes but also are potentially of impor- 
tance in the intracellular and extracellular functioning 
of keratinocytes. There has been considerable interest 
in the expression of these molecules by squamous epi- 
thelium in a variety of sites and several studies have doc- 
umented altered expression by keratinocytes in a num- 
ber of pathologic conditions. CD 36 is a multifunctional 
molecule predominantly expressed by platelets, mono- 
cytes, macrophages, and some endothelial cells. It 
acts as a receptor for the extracellular matrix protein 
thrombospondin, 13 has a role in signal transduction, 
and is potentially important in certain immune inter- 
actions, particularly those involving immunologic ac- 
cessory cells. 1 * The LI antigen, referred to inter alia as 
calprotectin," is predominantly expressed by mono- 
cytes and neutrophils in the peripheral blood" and in 
the tissues by eosinophils and a subset of reactive mac- 
rophages." As well as being implicated as a component 
of the innate defence system, there is evidence that the 
molecule also may serve to regulate epithelial cell pro- 
liferation and differentiation (reviewed by Brandtraeg 
et al 15 ). We report the expression of CDS6 and U by 
keratinocytes in cases of normal and diseased cervix* We 
have observed alterations in the patterns of expression 
of both molecules in high-grade SILs (HGStLs) and 
have used in vitro model systems to explore the mech- 
anisms by which these changes arise. 

MATERIALS AND METHODS 

Specimens 

Cervical punch biopsy specimens were taken from pa- 
tients wilh abnormal colposcopy appearances and/or recent 
evidence of abnormal cervical cytology. Age-matched females 
undergoing laparoscopic steriliation were used as contra*; 
these women showed no evidence of ongoing or previous cei* 
vical disease. All biopsy specimens were immediately mounted 
In OCT compound (BDH Ltd, Poole, UK) and onapfroxeo in 
liquid nitrogen before being stored for up to 6 months in 
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UquW nitrogen prior to use. Serial 6-*«n frozen ^ow^e 
* euLand^dm TbacnutoxyUrveoiin naming was performed 
^SlMOn thebaili of the bcmat*ry^in 

n3(fl » 12) or is representing low^SIUOJ^) 

2dS ON2 and ON3 In the HGSIU After inorpbologir 
evaluation the remainder of the tissue cut from each section 
underwent immunohistologic assessment. 

Immunohistology 

The orimary monoclonal antibodies used were OKM5 
(Oru^l^LlgOl. diluted l^dSM^^Lg 
mouse IgM, diluted 1:20) against CD36, and M«Sfi7 (Dato 
J^ouWlgCl, diluted 1*00) against LI. **ch of the anti- 
CDS6 antibodies gave identical staining results- Ioununope* 
oxidase staining was performed using standard protocols, with 
aviduvbiotin amplification and visualization of peroxidase ao 
tivicy with diaminobcruidinc. , . 

Sve devised an arblirary grading scale to obtain a sen* 
Quantitative representation of andgen expression in the bh 
opry specimen! A total score was awarded lor each ussue 
sccdonVwhich represented the sum of the inienriry and the 
extent of staining. The two parameters were scored as follow* 

• Intensity: 0, no staining; 1, weak staining; 2, moderate 
staining; and S, intense staining. 

• Distribution: 0, occasional poslriviiy; 1 , patchy pojioviry, 
and 2, widespread posidvity- 

The results from each group of biopsy *P^emwe« 
compared using the Wlkoxon rani sum test Probability va> 
ues, when given, are two-sided. 

Cell Culture 

Normal cervical epithelium (NCx) was cultured from 
uteri removed for nonccrvical disease. All patients had re- 
cently documented normal cervical smears and sections* of 
cultured cervical tissue appeared normal histological*. Cell 
culture was performed using protocols previously described. 
Briefly, a sheet of ectocervlcaf epithelium, which Included the 
Muamocolumnar junction, was finely minced before being 
stirred for SO minute* at 37°C in a solution of 0.25ft trypsin/ 
0.01% EDTA in phocphaiA*uflfered saline (PBS) to produce 
a ainglc-ccU suspension. The cells were grown with support 
from lcdially irradiated Swiss G3T3 mouse fibroblast feeder 
cells and were maintained in Glasgow's modification of Ea- 
se's medium (GMEM), supplemented with 10% (vol/vol) fe- 
tal calf serum (SeraLabs Ltd) 1 0.1 jxg/mL hydrocortisone, and 
10~ w mol/L cholera toxin (both Sigma Ltd). Colony forma- 
tion was established by adding epidermal growth factor 
(Sl«na Ltd) at 10 ng/rnL 24 hours after plating. At subcon- 
fluence the feeders were removed with 0.01% EDTA m PBS 
and the keradnocytes were dislodged with 0.1 % uypsin/0.01 % 
EDTA in PBS before seeding onto collagen gels to establish 
them in organotypic culture (see below). 

The cervical keradnocyte cell line W12 was derived from 
a cervical wan and contains HPV 16 DMA, prcdornmanUfin 
the episomal form* with approximately 100 copies/cell. 19 The 
cells are nontumorigenic In nude mice and can reform an 
epithelium mat resembles LC-SEU. The W12 cell hue is a 
unique in vitro model for the tarty stages of HPV 16-retated 
cervical dbease. The cells were grown with Swiss G3T3 support 
using protocols identical to those described for NCx cells be- 
fore being established In organotypic culture. 

The SHa" and CaSM 11 cell lines were each derived from 
a squamous cell carcinoma of the cervix. Each is a tumorigenk 



cervical keradnocyte line containing integrated HPV 16DNA. 
with one and 300 to 500 copicVceJl, respectively. Prior to or- 
eanotypic culture the cells were grown without feeder support 
m GMEM supplemented with 10% (vol/vol) fetal calf serum 
(SeraLabs Ltd). 

Organotypic "Raft" Culture 

The "raft" system of organotypic tissue culture allows 
cells growing on a collagen "gel" to differentiate at an air to 
liquid iatcrfece and enables tbem to produce wradfled ep 
thella resembling the original lesions from which they were 
established. Eight xnflbTiteri of Vttrogen 100 collagen (Colla- 
gen Corp Ltd) were mixed on ice with 1 .0 mL of 10X Vitrogen 
PBS solution and 1.0 mL of 0.1 mol/L KaOH. Two nulliliters 
of the gel solution were then layered onto 5 x 10" Icthalty 
Irradiated Swiss GSTS fibroblasts in a S^mm tissue culture 
dish, and gelation was Initiated by warming to 3TC for 2 hours 
followed by equilibration with 2-0 mL of GMEM at ITC over* 
night The next day 10* keraunocytes were applied to the sur- 
face of each gel and maintained until confluent in GMEM 
supplemented with 10% fetal calf serum and cholera toxin. 
The collagen was then raised onto a metal grid such that the 
cells were able to differentiate at an air to liquid Interface. 
After a further 10 days the collagen "rafts" were removed and 
cut into strips, which were mounted in OCT compound and 
snap-frozen in liquid nitrogen. Six-micrometer frozen sections 
were cut and irnmunohistochemlcal analysis was performed as 
described for the tissue biopsy specimens, 



RESULTS 

Staining of Tissue Biopsy Specimens 

Normal Cervix. In all biopsy specimens from nor- 
mal ccioccrvix the keraunocytes showed cytoplasmic ex- 
pression of the LI protein (Tabic 1). This was present 
in the suprabasal and superficial layers, with sparing of 
the basal cells (Fig 1, top left). CDS6 was expressed on 
the surface of keradnocytes in four of the 12 specimens 
examined. The staining was generally patchy and weak, 
and was most prominent in the superficial layers, where 
it produced a netlike pattern (Fig 1, bottom left), al- 
though some basal positrvity also was observed occasion- 
ally. There was no spatial association between CDS6+ 
keradnocytes and mhltrating immune cells. 

Louygrad* Squamous IntwpithsBd Lesions. LI ex- 
pression was seen in the cytoplasm of keratinocytes In 
all 14 of the LG-SILs examined. Its distribution within 
the epithelium was similar to that in normal ectocervix 
and included expression by koilocytes (Fig 1, top cen- 
ter). In six of the 14 biopsy specimens kenumocyies 
showed surface expression ofCDSo" (Fig 1, bottom cen- 
ter). In some specimens the expression was patchy and 
weak, similar to that in normal ectocervix, although m 
others it was stronger and more extensive. Again, there 
was no correlation between CD36+ keratinocytes and 
infiltrating Immune celb. 

High-grade Squamous Intraepithelial Lesions. Re- 
duced expression of LI was seen In HGSIU. The moV 
ecule could not be detected in two of the 16 biopsy 
specimens examined and in the majority of the remain* 
der it was restricted to the most superficial layers (Fig 
1, top right). In gcnenl, LI was detectable in areas of 
cellular differentiation and was absent from the tnor» 
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phologically most atypical cell*. ™ e ?™ 

Son of CD36 by keradnocytes in any of the HG-SILs (Fig 

1, bottom right). 

An arbitrary grading scale was used to quanntate 
the expression of CD36 and LI by cervical Jnocytes 
in each of the three groups (Table 1). The expression 
of CDS6 in the LCSILs was significantly greater than 
that in the HOSILs (P < .05). although there wasno 
simlficani difference between the L&SJU or HG-SILs, 
and cases of NOc. LI expression in HG-SILs was signif- 
icantly less than that in the LGSlLs (? < .01) or cases 
of NGx (P < .01), but there was no significant differ- 
ence in LI expression between the LG^ILs and cases 
ofNCx. 

Staining of Cell lines 

The mechanisms underlying the expression of 
CDS6 and LI in vivo were explored using cell culture 
techniques. When the cervical keratinocytes were grown 
in monolayer culture no expression ofCD56 and LI (as 
determined by flow cytometry) was observed in any case 
(data not shown). Cell stratification and maturation 
were induced using the "raft" technique of organotypic 
tissue culture, and the cytokine-mediated inducibihty of 
the molecules on each cell type was quantified by cul- 
turing the cells in the presence of recombinant mter- 

feW h^maTceTvical cells produced a differentiating 
epithelium up to 10 cell layers thick. Li was expressed 
by all cells except those in the basal layers, and was cy- 
toplasmic in distribution (Fig 2, top left). CD36 was ex- 
pressed Infrequently and only by superficial and differ- 
entiated cells (arrowed cell. Fig 2, top right). , 

W12 produced a somewhat thinner epithelium 
showing disorganisation of the basal layer but with sur- 
face differentiation consistent with a low-grade cervical 
lesion. There was strong cytoplasmic expression of LI 
by the suprabasal and superficial cells (Fig % center 
left). Basal cells were generally negative, although there 
was some focal expression. CDS6 was expressed on the 
surface of superficial, differentiated ceils (Fie 2, center 
right), including some that were vacuolated and that 
resembled koilocytes. 

CaSki eclb produced an epithelial layer of up to It 
cells. This appeared disorganized and highly atypical 



throughout its full thickness, reminiscent of a high- 
grade cervical lesion. There was mild irregularity of the 
base of the epithelium, but no unequivocal infiltration 
of the subjacent collagen. LI showed a restricted pat- 
tern of expression, with many areas entirely negative for 
the molecule. Patchy positrviiy was observed in some 
places, however, and this occurred throughout the full 
thickness of the epithelium (Fig 2, bottom lef0. CD56 
was not seen in any of the sections examined (Fig 2, 
bottom right). SiHa cells also produced an atypical ep- 
ithelial layer, and showed patterns of expression of both 
molecules that were essentially the same as those seen 
on CaSki cells (data not shown) . 

All cell types were grown in organotypic culture in 
the presence of recombinant intcrferon-gamma. Differ- 
ent doses (150 and 300 U/mL) were used, and culture 
was maintained for 24, 48, and 72 hours prior to sec- 
tioning. However, no detectable modulation of either 
molecule was seen on any of the four cell types 
examined. 



DISCUSSION 

The mechanisms underlying the development of 
intraepithelial neoplasia in the ectocervix are complex 
The abnormal keratinocytes show a number of altera- 
tions in molecules likely to be involved jn mtx^ellular 
signalling and control of proliferation 5 ^ as well as In 
interactions with cells and molecules in the extracellu- 
lar environment 8 ** 4 CDS6 and LI have important roles 
In leukocyte biology 1 * 1 * and may contribute to intracel- 
lular and extracellular interactions of keratinocytes at a 
number of sltes. ,MT The expression and modulation of 
these molecules in the cervix have notbeen investigated 
previously, however. . . 

The distribution of CD56 in cases of NCx is consis- 
tent with some reports of its localization in the skin, 
although the factors controlling expression of the moV 
ecule by cervical keratinocytes are unclear. Whereas to- 
terferoi«amma has been shown to upregulate CD36 
on normal epidermal kmttoocytes in vitro,* 8 an obser- 
vation supported by evidence of increased 1CD36 ex- 
pression on keratinocytes in inflamed siting this cy- 
tokine is unlikely to contribute significantly co the 
expression seen in the cervix. We saw no association 
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between CD36 posiriviiy and numbers of lymphocytes 
in the epithelium or subepithelial stroma of any of the 
cervical biopsy specimens we examined, and recombi- 
nant intexferon-gamma did not modulate CDS6 ex- 



pression on the cervical keratinocytes In tissue culture. 
It is more likely (hat the presence of CD36 is related to 
the maturadonal sate of the cervical keratinocytes, as 
has been suggested for epidermal cells." This hypoth* 
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ess is supported by the consdcuuve expression of CDS6 
in differentiated layer* of W12 and NCx cells, with no 
expression in monolayer culture, where the capacity for 
differentiation is restricted, and no expression by CaSki 
and SiHa cells, which display a limited differentiation 
program even In organotypic tissue culture* Expression 
by differentiated keratinocytes may be related to acti- 
vation of Intracellular signalling pathways or to auto- 
crine or paracrine stimulation from cytokine* released 
on differentiation. Either of such pathway* may be mod- 
ulated as part of the cytopathic effects of HPV on su- 
perficial keratinocytes in lowgrade cervical lesions, al- 
though this has not been investigated in vitro. 

The functional role of CD 36 expression by cervical 
keratinocyte* remains unclear. The molecule has been 
claimed to contribute to lvmphocyte:keratinocyte ad- 
hesion in the epiderrnis, ,uS but we do not believe that 
CD36 plays a significant role in the initial interactions 
required for T<cli trafficking into the ectocervix r which 
involves binding of lymphocytes to basal keratinocytes. 
Monoclonal antibodies to CD36 produced no reduction 
in lymphocyte binding to cervical keratinocytes in 
monolayer culture (data not shown), whereas antibod- 
ies to ICAM1 were able to reduce binding by 50%. 
It remains conceivable, however, that CD 36 has a role 
in lymphocyte retention In the superficial ectocervical 
epithelium, where CDS6 is expressed in some cases 
in vivo. 

CD36 on keratinocytes also may function as an im- 
munologic accessory molecule, similar to its role on 
CD36+, HLA-DR+, CDllb- monocytes, 14 As well as be- 
ing able to present soluble antigen, these cells are able 
to activate autologous T cells in the absence of added 
antigens or mitogens, and such an autologous mixed 
lymphocyte reaction is associated with the development 
of suppression of immune responsiveness. 54 *® The 
CD36+ keratinocytes In cases of NCx and in the LO 
STLs did not express CDllb (data not shown) and it is 
conceivable that they may act in an immunoinhibitory 
capacity in these leaons. HLA-DR is expressed by ker» 
atinocytes in some L&SILs (Coleman et a], unpub- 
lished observation), but we saw no CD56+, HLrVDR+ 
keratinocytes in the 14 cases we studied. Nevertheless, 
as CD36+ cells are present in LCVSILs the induction of 
any local immune response may induce the CD36+, 
HLA-DR+, CDllb- phenotype, which may then serve 
to suppress the reaction before any amplification phase 
can ensue. 

Our results with biopsy specimens from cases of 
NCx confirm that LI, a major constituent of myelo- 
monocytic cells, also is expressed by keratinocytes of 
normal mucosal squamous epithelial The preserva- 
tion of staining in LG-SILs, with reduced expression In 
HC-SDU, is consistent with findings from studies of 
squamous neoplasia at other anatomic sites. 5 * 3 * Such 
differential expression patterns on cervical keratinocy- 
tes in vivo are mirrored by the in vitro findings that LI 
is only patchily present on the high-grade epithelium 
produced by CaSki and SiHa cells, but is strongly ex- 
pressed on differentiated layers of NCx and W12 cells. 
Our oboervationa suggest that, as for CD 56, the pattern 
of expression of LI by cervical keratinocytes Is most 



likely to be related to their differentiation status rather 
than representing an effect of exogenous factors, with 
lack of expression in HG&Ls reflecting the relative 
lack of differentiation of the neoplastic squamous 
eplthettal cells. 

Several functions have been ascribed to the LI pro- 
tein. It shows antimicrobial activity at biologic levels b 
vitro* 40 and may be active against organisms that enter 
the cytosol. The antiviral properties of LI have not been 
investigated, but it is conceivable that the molecule may 
function at lean partly in the defence of cells, such as 
keratinocytes against viruses, including HFVs. Further- 
more, LI is a member of the growing family of S-100 
proteins, which appear to be involved in cell cycle pro- 
gression and cell dnTerentiation, 41 and there is evidence 
that it can inhibit the proliferation of a number of trans* 
formed and nontransformed cell lines, possibly by in- 
hibition of casein kinase 11.° The absence of im- 
munodetectable LI from high-grade cervical disease 
therefore may not only be a morphologic correlate of 
restricted keradnocyte differentiation, but it also may 
represent a demonstrable intracellular event of impor- 
tance in the neoplastic progression of such lesions. 

We have presented evidence that normal ectocervi- 
cal keratinocytes express both the LI and CD 36 anti- 
gens, albeit at different frequencies. The expression of 
both molecules is maintained in LG~SILs, in which sig- 
nificant infiltration by host immune cells is absent, 9 but 
is lost in HG-SILs, which are associated with an immune 
cell response. 1 Our in vitro data suggest that this loss of 
expression is more likely to result from changes intrin- 
sic to the keratinocyte rather than representing the ef- 
fect of external factors, such as those derived from in* 
filtrating cells. The functional implications of these 
observations is unclear, but the pattern of expression 
we have observed may reflect alterations in intracellular 
signalling pathways contributing to the neoplastic pro- 
cess, as well as changes likely to influence the interac- 
tions of cervical keratinocytes with immune cells and 
possibly with intracellular infectious agents. 
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